Relations between changes in children's cognitive performance and changes in sleep problems were examined over a 3-year period, and family socioeconomic status, child race/ethnicity, and gender were assessed as moderators of these associations. Participants were 250 second-and third-grade (8 -9 years old at Time 1) boys and girls. At each assessment, children's cognitive performance (Verbal Comprehension, Decision Speed) was measured using the Woodcock-Johnson III Tests of Cognitive Abilities, and sleep problems (Sleepiness, Sleep/Wake Problems) were collected via self-report. Individual growth models revealed that children who reported increases in Sleepiness exhibited little growth in Verbal Comprehension over time compared with their peers who reported decreases in Sleepiness, resulting in a nearly 11-point cognitive deficit by the end of the study. These associations were not found for Sleep/Wake Problems or Decision Speed. Child race/ethnicity and gender moderated these associations, with Sleepiness serving as a vulnerability factor for poor cognitive outcomes, especially among African American children and girls. Differences in cognitive performance for children with high and low Sleepiness trajectories ranged from 16 to 19 points for African American children and from 11 to 19 points for girls. Results build substantially on existing literature examining associations between sleep and cognitive functioning in children and are the first to demonstrate that children's sleep trajectories over 3 waves were associated with changes in their cognitive performance over time.
Partial sleep deprivation and problems initiating and maintaining sleep impact the lives of around 25% of normally developing children (Meltzer & Mindell, 2006) . Furthermore, around 10% of elementary school children experience daytime sleepiness (Owens, Spirito, McGuinn, & Nobile, 2000) . Approximately 21% of 7-to 10-year-olds and 19% of 11-and 12-year olds are tired during the day; 8% of the former age group and 7% of the latter fall asleep during the day (Stein, Mendelsohn, Obermeyer, Amromin, & Benca, 2001 ). Sleep problems have a profound effect on multiple aspects of children's cognition (Sadeh, 2007) , including impaired attention, learning, and memory (Owens, 2009) . Sleep has also been related to cognitive functioning and academic performance in children who have neither clinically significant sleep disorders nor cognitive impairments (e.g., Buckhalt, El-Sheikh, Keller, & Kelly, 2009) .
The vast majority of sleep studies with children have been cross-sectional. Because sleep processes are dynamic, with rapid changes exhibited across childhood and adolescence, understanding how these processes change over time is a critical step in investigating associations between sleep and other outcomes. Furthermore, because the acquisition of knowledge and skills is a central developmental task in childhood and later knowledge acquisition is built upon what has previously been learned, any periodic failure to learn a basic skill may jeopardize subsequent achievement. Thus, understanding how changes in sleep relate to changes in children's cognitive functioning is critical for supporting optimal development. Schutte (2009) conducted a meta-analysis of 35 studies that correlated sleep and cognitive/academic outcomes at one point in time among children without sleep disorders and found that more sleep problems were associated with poorer outcomes, although the overall effect size was somewhat small (Cohen's d ϭ .20). In another meta-analysis of 17 studies, Dewald, Meijer, Oort, Kerkhof, and Bögels (2010) found that sleep quality, duration, and sleepiness all related independently and in expected directions to school performance. Sleepiness had the largest effect size (r ϭ Ϫ.133) followed by sleep quality (r ϭ .096) and sleep duration (r ϭ .069); larger associations were found for studies that included younger children. In the few studies with samples large enough to test path models using structural equation modeling, similar significant single-order correlations have been found (El-Sheikh, Buckhalt, Cummings, Keller, & Acebo, 2007) .
Cross-Sectional Studies of Sleep and Cognition
Experimental manipulation of sleep has also provided strong evidence that partial or total sleep deprivation degrades cognitive performance in adults, but such studies with children are scarce. Nevertheless, a few studies have shown that restricting sleep has a deleterious effect on children's cognitive processing (Fallone, Acebo, Seifer, & Carskadon, 2005; Randazzo, Muehlbach, Schweitzer, & Walsh, 1998) . Conversely, extending sleep (1-hrearlier bedtime) has been found to improve performance on multiple cognitive tasks when compared with mild sleep restriction (1-hr-later bedtime; Sadeh, Gruber, & Raviv, 2003) .
Longitudinal Studies of Sleep and Cognition
Not much is known about longitudinal relations between sleep problems and children's cognitive functioning. To our knowledge, only two pertinent longitudinal studies have been conducted. Touchette and colleagues (2007) demonstrated relations between early mother report of nighttime sleep duration and later cognitive functioning; shorter sleep duration at age 2 predicted lower receptive vocabulary at age 6. In another study that followed children over a 2-year period, Buckhalt et al. (2009) discovered that poor sleep at age 8 was related to lower cognitive performance at age 10, controlling for autoregressive effects. Neither of these studies, however, examined how changes in sleep problems, marked by an initial level and a rate of change over time, were related to change trajectories in cognitive performance, which is the focus of the present study.
Socioeconomic Status, Ethnicity, and Sleep
In comparison to European Americans (EAs) and children from higher income backgrounds, multiple parameters of poor sleep have been observed in either low-income or African American (AA) children (e.g., Crosby, LeBourgeois, & Harsh, 2005) . However, only a few studies have examined economic disadvantage or minority status as a moderator of relations between sleep and cognitive problems. In one study with an independent sample, socioeconomic status (SES; controlling for ethnicity) and ethnicity (controlling for SES) moderated the relation between sleep and cognitive performance; more optimal sleep was a protective factor against cognitive performance difficulties especially for either AA children or those from lower socioeconomic backgrounds . In a 2-year follow-up, the same moderation effect was found (Buckhalt et al., 2009 ). To our knowledge, this is the only study in which SES moderation effects over time have been investigated and suggests that the effect of SES on relations between sleep and cognitive performance may be enduring.
A conceptual framework for these relations has been explicated by Buckhalt (2011) and Buckhalt and colleagues (2009) , who proposed that the effects of SES and race/ethnicity may be understood in terms of a health disparities hypothesis (Carter-Pokras & Baquet, 2002) . The premise that sleep problems may cause disproportionate harm to economically disadvantaged or ethnic minority children is based on an aggregation of risk perspective and the fact that these individuals are likely exposed to more lifelong and concurrent stressors than their counterparts of higher economic stance or majority status (e.g., Evans & English, 2002) .
Gender and Sleep
Mean comparisons on a number of sleep dimensions have suggested differences between boys and girls. A meta-analysis of 30 studies of children ages 9 to 18 in 23 countries showed that girls slept more than boys (Olds, Blunden, Petkov, & Forchino, 2010) . However, this literature has yielded many inconsistent findings, with some studies reporting poorer sleep quality for girls (e.g., Meijer, Reitz, Dekovic, Van Den Wittenboer, & Stoel, 2010) , while others report opposite findings ElSheikh, Buckhalt, Mize, & Acebo, 2006) . Furthermore, higher levels of and more frequent daytime sleepiness have been reported for girls (Gaina et al., 2007) and for boys (El-Sheikh, Kelly, Buckhalt, & Hinnant, 2010 ).
An important question, then, is whether differences in boys' and girls' sleep influence the relationship between sleep and other outcomes. A few longitudinal studies have examined gender as a moderator of the link between sleep and children's psychological adjustment; however, findings are inconsistent, with some reporting null effects (El-Sheikh et al., 2010) and others reporting nuanced interaction effects that vary across internalizing and externalizing symptoms . Recent findings with the present sample indicate that changes in sleep problems over 3 years had a more negative effect on girls' depressive symptoms (El-Sheikh, Bub, Kelly, & Buckhalt, 2011) . Since these differences have been found for adjustment, we examined gender as a moderator of the sleep-cognitive outcomes link.
The Current Study
The present study is the first to examine whether (a) changes in children's sleep problems predict changes in their cognitive performance over a 3-year period and (b) these relations differ by sociodemographic factors and gender. No study has considered simultaneously the associations between longitudinal trajectories in sleep problems and cognitive performance. Here, we utilized three waves of data gathered over a 3-year period to investigate developmental trajectories, marked by an intercept and a rate of change, of both sleep problems and cognitive performance over time. We treated these change indices (i.e., intercept and rate of change) of sleep problems as predictors of cognitive performance trajectories over the same time frame. Thus, we were able to gain a better understanding of the interaction between these two dynamic processes. Additionally, we explored within-individual differences in sleep problems over time (i.e., growth) rather than focusing on between-individual differences. Finally, we used an economically and ethnically diverse sample in an effort to disentangle the effects of family SES from those of race/ethnicity.
We expected that elevated sleep problems at intercept (initial level) and increasing sleep problems (slope) would predict diminished cognitive performance at intercept and slower increases in cognitive performance over time. Sleep problems are conceptualized along a continuum and are indicated by increased selfreported problems using two scales of a well-established instrument (Sleep Habits Survey; Wolfson & Carskadon, 1998) , Sleepiness and Sleep/Wake Problems. These scales measure different but related aspects of sleep. Sleepiness is concerned with the consequences of sleep problems for daytime functioning, whereas Sleep/Wake Problems relate to behaviors associated with the process of going to bed and sleep, with sleeping itself, and with waking up. Dewald and colleagues (2010) conducted metaanalyses of relations between school performance and measures of sleep duration, quality, and sleepiness and concluded that these sleep parameters should be treated as separate constructs because they index different facets of sleep and have different associations with child functioning.
Because Sleepiness and Sleep/Wake Problems have been associated with negative child outcomes, we expected a similar pattern of effects for each index. Furthermore, because earlier work with independent samples found differences in associations between sleep and child outcomes by family SES and child ethnicity, we sought to extend the assessment of such effects using a new sample of children and three study waves, the first such assessment in the literature. On the basis of existing evidence (Buckhalt et al., , 2009 , we expected that relations between sleep problems and cognitive functioning would be more pronounced for AA children or those from lower economic backgrounds. Given the novelty of investigating gender as a moderator in this context, this examination was considered exploratory.
Method Participants
The study consisted of three waves. At Time 1 (T1), participants were 128 girls and 123 boys in the second or third grade, along with their parents. Children were recruited from public school districts in a semirural community in the Southeastern United States, and exclusion criteria included having a diagnosis of attention-deficit/hyperactivity disorder, mental retardation, learning disability, or chronic physical illness. The majority of children (74%) lived with both biological parents; 26% lived in reconstituted families. Parents were married or cohabiting for an extended period. Families came from a wide range of economic backgrounds. The majority of families reported income levels between $20,000 and $35,000 at all three waves, although there was considerable variability among families within and across waves. Specifically, 4%-8% of families reported income levels Ͻ $10,000; 8%-12% between $10,000 and $12,000; 18%-24% between $20,000 and $35,000; 20%-22% between $35,000 and $50,000; 21%-22% between $50,000 and $75,000; and 15%-21% Ͼ $75,000. Mothers and fathers reported having at least some college education, on average, at T1 (45% of mothers and 41% of fathers), Time 2 (T2; 44% of mothers and 41% of fathers), and Time 3 (T3; 35% of mothers and 27% of fathers). The ethnic composition of the sample was similar to that of the community: 66% EA and 34% AA. Both EA and AA families were oversampled across a wide socioeconomic range. Using pubertal status criteria developed by Petersen, Crockett, Richards, and Boxer (1988) , 94% of children at T1 were classified by parents as prepubertal.
Attrition and missing data. Of the 251 children and their families originally enrolled in the study, 214 (106 boys) returned for T2 (85% retention rate; M ϭ 12.84 months between T1 and T2, SD ϭ 2.06 months). About one year later (T3), 194 children (92 boys) and their families returned for a third wave of data collection (91% retention rate from T2; M ϭ 11.34 months between T2 and T3, SD ϭ 1.62 months). In the case of divorce or separation, a custodial parent was invited to participate along with the child. Reasons for attrition included participants' hectic schedule, lack of interest, not responding to phone messages, and geographic relocation. Contingency table analyses and mean equivalence tests were performed to investigate differences between participants with complete data (n ϭ 194) and nonparticipants (n ϭ 57) on key demographic characteristics, including child age, race/ethnicity, gender, and pubertal status, as well as level of maternal education and family SES. Participating children and families did not differ significantly from the 57 families who were recruited but lost to follow-up on any of these factors.
Procedure
This study is part of a larger longitudinal investigation in which relations between family functioning and children's adjustment are examined and only pertinent procedures are mentioned. At each study wave, children and their parents visited our research laboratory. A research assistant administered cognitive tests to each child. Mothers and fathers completed questionnaires in separate rooms while a research assistant administered questionnaires to children. All measures were completed during each study wave, and families were compensated $200 at T1, $250 at T2, and $300 at T3 for their participation. This study was approved by the university's institutional review board.
Measures Cognitive performance.
Direct assessments of children's cognitive performance were collected using the WoodcockJohnson Tests of Cognitive Abilities III (WJIII; Woodcock, McGrew, & Mather, 2001 ). The WJIII is a well-normed measure of cognitive abilities with demonstrated reliability and validity. For the current study, measures of two broad factors-Crystallized Intelligence (Gc) and Processing Speed (Gs)-were selected. Verbal Comprehension is the single best index of Gc, as it has a .90 factor loading for the 9-to 13-year-old age group in the WJIII standardization sample (Woodcock et al., 2001) . It is comprised of four subtests: Picture Vocabulary, Synonyms, Antonyms, and Verbal Analogies, with split-half reliability coefficients of .88 to .90 across ages 8 to 12. Decision Speed is the best single index of the Gs factor, with a .72 factor loading for 9-to 13-year-olds and Rasch reliability coefficients of .84 to .86 for 8-to 12-year-olds (Woodcock et al., 2001) . The Decision Speed test measures attentional focus and visual processing speed. Because we analyzed these measures longitudinally, we used vertically equated item response theory (IRT)-scaled scores (i.e., W scores), which essentially reflect an individuals' deviation from a criterion score and are thus equatable over time (Rasch, 1960) .
These tests were chosen for their representation of two important, yet very different, aspects of cognitive functioning. Crystallized Intelligence is the strongest of all the factorial components of general intelligence and is among the most stable of ability factors. Over time, children tend to maintain their rank order in a group, although they may demonstrate considerable mean-level changes in their Gc. Processing Speed, on the other hand, is more likely to manifest day-to-day variations such as would be expected in conditions of mental fatigue or sleepiness. Although much research has associated sleep deficits in children with cognitive functioning in speeded tasks a short time afterward (Sadeh et al., 2003) , only one longitudinal study has found that factors thought to be more enduring (e.g., verbal ability) may be related to sleep parameters over a longer period of time (Buckhalt et al., 2009 ).
Time.
Time was represented by a single variable coded to reflect data collection at each assessment: T1, T2, and T3. We centered time at the first assessment so that the intercept in growth models would represent children's cognitive performance or sleep problems at T1.
Children's sleep. Children completed via interview the Sleep Habits Survey (SHS; Wolfson & Carskadon, 1998) . The SHS is widely used and has demonstrated reliability and validity for school-age children (Acebo & Carskadon, 2002; Buckhalt et al., 2007 Buckhalt et al., , 2009 . Two scales were used in analyses: Sleepiness (␣ ϭ .70 -.74 across waves) and Sleep/Wake Problems (␣ ϭ .73-.83 across waves). The Sleepiness scale assesses whether children fell asleep or struggled to stay awake while performing daily activities within the past 2 weeks (e.g., attending a performance, in class, watching TV). The Sleep/Wake Problems scale assesses oversleeping, unscheduled sleep, irregular sleep times, and staying up late at night. Higher scores on both scales indicate more sleep problems.
Child characteristics. Information on child gender and race/ ethnicity was based on mothers' reports. Child gender and ethnicity were represented by dichotomous variables (1 ϭ boy, 0 ϭ girl; 1 ϭ AA, 0 ϭ EA).
Socioeconomic status. We created separate composite variables at T1, T2, and T3 from family income and mother and father education. Maternal reports of total family income were gathered and classified into one of the following categories: (a) Ͻ10,000; (b) $10,000 to $20,000; (c) $20,000 to $35,000; (d) $35,000 to $50,000; (e) $50,000 to $75,000; or (f) Ͼ$75,000. Mother's and father's years of education were also gathered. Following the recommendations of Braveman and colleagues (2005) , the indicators were standardized and then summed to create separate composite variables representing overall SES at T1, T2, and T3.
Child age.
Child age in months at each assessment was included to account for any age-related differences in cognitive functioning or sleep.
Puberty status. Ratings on the Puberty Development Scale (Petersen et al., 1988) are 1 (prepubertal), 2 (early pubertal), 3 (midpubertal), 4 (late pubertal), and 5 (postpubertal).
Results

Analysis Plan
Means, standard deviations, and intercorrelations among primary study variables were examined in preliminary analyses. Next, we fit unconditional growth models to examine whether children's cognitive performance or sleep problems changed over time. We represented change over time for each of the performance and sleep variables by linear growth and examined estimates of the population average initial level and population average rate of change. Next, for Sleepiness and Sleep/Wake Problems, we fit separate Level 1 growth models for each individual in the data set using ordinary least squares regression to generate an estimate of initial level and rate of change for every individual in the analytic sample (Willett, 1997) . A total of four growth parameters were generated and retained for use in subsequent analyses (Singer & Willett, 2003) .
Using these estimates as predictors in our subsequent analyses, we fit a taxonomy of growth models in which changes in children's cognitive performance were predicted by estimates of children's initial level and rate of change in sleep problems, controlling for family SES, child race/ethnicity, gender, age in months, and pubertal status. We predicted children's initial level of Verbal Comprehension (or Decision Speed) at T1 from their initial level of Sleepiness (or Sleep/Wake Problems) at T1; their rate of change in Verbal Comprehension (or Decision Speed) between T1 and T3 was predicted by both their initial level and rate of change in Sleepiness (or Sleep/Wake Problems). Finally, we added to the model interactions between estimates of children's initial level and rate of change in sleep problems and family SES, child race/ ethnicity, and child gender. To illustrate the magnitude of these moderated associations, we plotted the fitted cognitive performance growth trajectories for prototypical children with low (1 SD below the mean) and high (1 SD above the mean) initial levels and rates of change in sleep problems.
All analyses were conducted in Stata Version 10. Model fit was assessed by comparing the within, between, and total R 2 statistics across model specifications. Larger R 2 statistics suggest more variation is explained and thus indicate a better fit. A multiple imputation (MI) procedure was used to impute data on key predictors and demographic control variables (Widaman, 2006) . Estimates for each missing data point were derived from a population regression line and include a random error term for each individual. By generating numerous estimates, the MI procedure creates a set of plausible values for each missing data point based on other available information in the data set (Rubin, 1987) . This set of values represents the uncertainty about which value is right to impute and allows the researcher to make statistically valid inferences. Parameter estimates presented below reflect the average associations across multiply imputed data sets and are based on a sample size of 250.
Preliminary Analyses
Sample descriptives for the outcome, key predictor, and control variables are presented in Table 1 . Correlations among outcome and predictor variables are presented in Table 2 . Verbal Comprehension and Decision Speed scores increased steadily between T1 and T3. Correlations suggest that differences among children in cognitive performance were relatively constant over time. Children's Sleepiness decreased somewhat across the study period, while their Sleep/Wake Problems increased between T1 and T2 and decreased between T2 and T3 (see Table 1 ). Correlations suggest modest between-individual stability in sleep problems across time.
Individual growth models indicated that children's cognitive performance and sleep problems changed significantly over time. The average Verbal Comprehension score at the start of the study was 486.53 (p Ͻ .001) and increased by approximately 7 points per assessment ( 1i ϭ 6.97, p Ͻ .001), while the average Decision Speed score at the start of the study was 488.72 (p Ͻ .001) and increased by more than 11 points per assessment ( 1i ϭ 11.08, p Ͻ .001). This indicates that Verbal Comprehension may be somewhat more stable than Decision Speed. Nevertheless, there was considerable variability in both variables, with approximately 77% of the variability in Verbal Comprehension and 65% of the variability in Decision Speed over time attributable to differences between children rather than to factors unique to the individual.
These preliminary findings suggest that variables differentiating children from one another (e.g., race/ethnicity, gender) might be more powerful predictors of differences in performance than variables differing within individuals over time (e.g., economic background).
Findings for changes in children's sleep problems over time were somewhat mixed. Children's Sleepiness at T1 was 15.54 (p Ͻ .001) and decreased significantly over time ( 1i ϭ Ϫ1.01, p Ͻ .001), suggesting that the consequences of sleep deficiencies for daytime functioning may diminish over time. In contrast, although children's initial level of Sleep/Wake Problems was significantly different from zero ( 0i ϭ 19.17, p Ͻ .001), this variable did not change over time ( 1i ϭ Ϫ0.363, p Ͼ .10), suggesting there is considerable stability within individuals. Approximately 70% of the variability in Sleepiness and 71% of the variability in Sleep/Wake Problems are due to factors unique to the individual rather than to differences between children. Similarly, increases, or less rapid decreases, in Sleepiness were associated with less rapid increases in cognitive performance between T1 and T3, though the effect was quite small. Children whose rate of change in Sleepiness was high and increasing had a 19-point increase in Verbal Comprehension per assessment (compared to a 20-point gain for a child with average rates of change in 
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resulted in a 21.5-point increase in Verbal Comprehension per assessment. Although our predictor and control variables explained some of the variation in our outcomes (approximately 8% in Verbal Comprehension and 10% in Decision Speed), the majority of variation remains to be explained. Together, these findings suggest that high levels of Sleepiness at T1 and increasing Sleepiness over time represent a risk for growth in Verbal Comprehension but not for growth in Decision Speed over time. Sleep/ Wake Problems had no effect on children's cognitive performance.
Are There Sociodemographic and Child Gender Differences in the Effects of Changes in Sleep Problems on Changes in Cognitive Performance?
To determine whether high initial levels of sleep problems or increases in sleep problems over time are more detrimental to some children than others, we tested a series of interactions between the growth parameters for changes in children's sleep, and family and child demographics. We found no moderation effects for our family income/education composite for either Sleepiness (Models 2 and 5, Table 3 ) or Sleep/Wake Problems (Models 2 and 5, Table 4 ). We did, however, find that child race/ethnicity and gender significantly moderated the effects of Sleepiness (but not Sleep/Wake Problems) on Verbal Comprehension (Models 3 and 4, Table 3 ) and Decision Speed (Models 7 and 8, Table 3 ). Specifically, child race/ethnicity moderated the effect of rate of change in Sleepiness on the rate of change in Verbal Comprehension as well as the effect of Sleepiness at T1 and the rate of change between T1 and T3 on the rate of change in Decision Speed. Increases (1 SD) in Sleepiness over time appeared to be a risk factor for AA children's Verbal Comprehension, while decreases (Ϫ1 SD) in Sleepiness appeared to be a protective factor (Model 3, Table 4 ). AA children whose Sleepiness increased over time (labeled High Sleepiness in Figure 1A ) showed very little growth in Verbal Comprehension between T1 and T3. In contrast, although the Verbal Comprehension scores of AA children with high and low rates of change in Sleepiness were relatively similar at the start of the study (484.6 vs. 487.9, respectively), those children whose Sleepiness decreased over time (labeled Low Sleepiness in Figure 1A ) demonstrated considerable growth in Verbal Comprehension across the study period (approximately 17 points). High rates of change in Sleepiness also had a detrimental effect on EA children's Verbal Comprehension such that their scores increased more slowly than the scores of EA children with low rates of change in Sleepiness, but the effect was not as strong as that for AAs. The pattern of findings for Decision Speed was somewhat different. Child race/ethnicity moderated the effects of both initial level and rate of change in Sleepiness on rate of change in Decision Speed such that high Sleepiness (1 SD) was a risk factor for AAs while low Sleepiness (Ϫ1 SD) was a protective factor (see Figure 2A ). AA children with high initial levels of Sleepiness and increases in Sleepiness over time had slower increases in Decision Speed. In contrast, AA children with low Sleepiness at T1 and decreases in Sleepiness over time demonstrated significantly greater increases in Decision Speed. The resulting difference in Decision Speed scores was just over 15 points by the end of the study. Note that the Decision Speed scores of these prototypical groups were separated by fewer than 4 points at the start of the study. There was little effect of Sleepiness on changes in EAs' Decision Speed scores over time. Thus, Sleepiness appears to be a greater risk factor for AA than EA children. Nevertheless, both Verbal Comprehension and Decision Speed scores increased more slowly for children with lower than higher levels of Sleepiness regardless of their race/ethnicity.
Child gender also moderated the associations between sleep problems and children's cognitive performance. On average, boys' and girls' Verbal Comprehension scores at T1 were similar regardless of their Sleepiness (see Figure 1B) . When we examined the effects of Sleepiness on growth in Verbal Comprehension, however, the detrimental effects that Sleepiness has on children's cognitive performance was clear. Girls with high initial levels of Sleepiness and increases in Sleepiness (1 SD; labeled High Sleepiness in Figure 2B ) over time demonstrated no growth in Verbal Comprehension between T1 and T3. In contrast, boys with high Sleepiness demonstrated positive growth in Verbal Comprehension over time, though this growth was lower than that of either boys or girls with low initial levels and decreases in Sleepiness (Ϫ1 SD; labeled Low Sleepiness in Figure 1B ). Girls with low Sleepiness at T1 and decreases in Sleepiness over time showed the greatest growth in Verbal Comprehension, suggesting that low Sleepiness is a protective factor for girls while high Sleepiness is a significant risk factor. By the end of the study period, more than 18 points separated girls with low versus high levels of Sleepiness on Verbal Comprehension. Boys, however, seemed to perform similarly on Verbal Comprehension regardless of their Sleepiness (fewer than 2 points separated boys with high versus low Sleepiness). Gender moderation was only found for the effect of children's initial level of Sleepiness on rate of change in Decision Speed (see Figure 2B ). Again, girls were more affected by Sleepiness than boys. Specifically, girls with high initial levels of Sleepiness at T1 had the lowest rates of increase in Decision Speed over time, resulting in a nearly 11-point deficit in Decision Speed scores between girls with low and high initial levels of Sleepiness by the end of the study. Boys' initial Decision Speed scores at T1 were nearly identical, regardless of whether their initial Sleepiness scores were high (490.3) or low (491.4); at T3, Decision Speed scores of boys with high and low initial levels of Sleepiness were not significantly different.
Discussion
Strong indications from many studies with cross-sectional designs and a few experimental studies have been that poorer cognitive performance is seen when children's sleep is compromised.
Whether those relations are maintained over time has been unknown. Likewise unknown has been the shape of change trajectories in sleep problems and their relations to change trajectories in cognitive performance. Our findings contribute to existing literature in important ways and are the first to demonstrate that initial levels of Sleepiness as well as changes in Sleepiness are related to changes in children's Verbal Comprehension over time; for children whose Sleepiness increased (or decreased less rapidly) over 3 years, their Verbal Comprehension increased less rapidly. This is the first study of its kind to demonstrate longitudinal associations between changes in sleep problems and changes in cognitive performance and highlights the importance of contemporaneous longitudinal assessments of these two dynamic systems.
Verbal Comprehension is a test that measures an important cognitive ability, and it has high reliability coefficients in extended test intervals and strong links with academic achievement (Woodcock et al., 2001 ). Links with Sleepiness over time may be due to downward pressures in verbal acquisition accumulating over time. If poorer sleep is related to lower cognitive performance at any one point in time and if sleep problems are chronic rather than episodic, it stands to reason that problems may magnify over time, as academic skills incompletely mastered at an early stage may hinder later skill attainment. That Decision Speed does not show links with Sleepiness may be related to slightly lower Rasch reliabilities and substantially lower extended time test-retest reliabilities in standardization studies (Woodcock et al., 2001) , a difference that is even more pronounced in our sample (rs ϭ .67-.70 for Verbal Comprehension and .50 -.57 for Decision Speed). Processing speed develops rapidly during the age period we studied, and a greater range of individual differences may obscure generalizations based on age (Kail, 1991) . Differential associations between sleep and various cognitive parameters highlight the importance of examining multiple facets of cognition for a better elucidation of associations with sleep problems. Both sleep and cognitive development are dynamic and intertwined, and both systems may develop at different rates in individual children.
Importantly, findings were evident for children's Sleepiness but not their Sleep/Wake Problems. Because there are individual differences in the effects of sleep disruptions on children's daytime sleepiness and associated functioning, some children may experience more deleterious effects of poor sleep, while others may be more resilient even though their sleep/wake behaviors are similar. Consistent with differential findings reported for Sleepiness and Sleep/Wake Problems in relation to cognitive functioning (e.g., Anderson, Storfer-Isser, Taylor, Rosen, & Redline, 2009 ) and current recommendations in the literature (Dewald et al., 2010) , our findings support the importance of separate assessments of various sleep parameters.
Moderation effects for race/ethnicity and gender demonstrate that trajectories of sleep and cognitive functioning are not the same for all children. These findings are the first in the literature to demonstrate that gender and race/ethnicity are significant moderators of the link between sleep and cognitive performance over three waves and are important for understanding vulnerability and protection associated with individual and group differences. Differences in cognitive ability and academic achievement by children of different racial/ethnic groups have been among the most studied and most controversial phenomena in American education. Our results indicate that the effects of Sleepiness on children's Verbal Comprehension were more pronounced for AA compared with EA children. Whereas increases in Sleepiness over time served as a vulnerability factor for AAs, decreases in Sleepiness were associated with considerable growth in cognitive performance. Even though we reduced confounding race/ethnicity and SES by recruiting children across a wide range of educational and economic backgrounds and both racial/ethnic groups, there was still a significant, albeit low correlation of the two at each time period of testing. Recall however, that analyses of ethnicity controlled for economic background, and thus, we were able to disentangle these effects to some degree.
Although lower SES AA children may be jeopardized by SESrelated health disparities, AA children of all SES levels may have elevated risk for sleep problems and thus poorer cognitive functioning. Good sleep depends upon a sufficient oxygen supply; thus, although speculative, the higher rates of asthma as well as high blood pressure among AA children may help explain some of the observed associations (Muntner, He, Cutler, Wildman, & Whelton, 2004) . Furthermore, subcultural norms and customs likely play a role in ethnic differences observed. For example, AA children are more likely to take naps (Crosby et al., 2005) and to share bedrooms than EAs, even when the ratio of number of inhabitants to number of bedrooms is considered . Future explication of variables associated with ethnicity that may clarify their moderating role in the context of sleep and child outcomes is imperative.
Gender differences in sleep problems are inconsistent (Gaina et al., 2007; Laberge et al., 2001 ), and only a few studies have examined gender as a moderator of the sleep-child functioning link. Ours are the first results to demonstrate that child gender is a moderator of relations between changes in sleep problems and changes in children's cognitive performance. High Sleepiness acted as a risk factor for lower Verbal Comprehension among girls but not boys. These findings are consistent with recent evidence from the present sample indicating that initial levels and increases in Sleepiness over 3 years have a more negative effect on girls' depressive symptoms over time (El-Sheikh et al., 2011) . Sleep disruptions are linked to compromised functioning of the prefrontal cortex (PFC), which is associated with cognitive, behavioral, and emotional problems (Dahl, 1996) . The PFC develops rapidly during late childhood and early adolescence, and its maturation is associated with pubertal development (Blakemore, 2008) . Earlier pubertal development and perhaps earlier brain development among girls may lead to greater vulnerability in the context of sleep problems for girls but not boys in early adolescence. However, given that puberty status was controlled in analyses, this explanation is very tentative. Follow-up assessments of this sample as they manifest pubertal maturation should provide more clarity.
The results and conclusions drawn from this work must be viewed in the context of the study's limitations. Sleep was measured via self-report rather than with more objective techniques of actigraphy or polysomnography. Self-report measures have been determined to have sufficient reliability and validity for many purposes, but the correspondence with less subjective methods has been inconsistent and often low. Nevertheless, persuasive arguments have been made that all sleep measurement methods offer their unique and defensible source of data about children's sleep (Sadeh, 2008) . Similarly, assessments of sleepiness through selfreports is an established methodology in the sleep literature. That our findings supporting the moderating role of ethnicity in the sleep problems-cognitive functioning link are synchronous with those based on actigraphic assessments of sleep either crosssectionally or longitudinally through two waves of data (Buckhalt et al., 2009 ) bolsters conclusions. Another study limitation is that we did not examine other economic adversity-, ethnicity-, or gender-related variables such as perceived discrimination, stress exposure, family functioning, and gender roles that may underlie the observed associations. Although investigating relations over three study waves is a major advance in this literature, four or more assessment periods would allow for examining nonlinear relations.
To conclude, these data extend the knowledge base about enduring relations between sleep and cognitive performance in middle childhood. Our study is one of very few longitudinal studies of sleep in children and the first to study the relation between changes in sleep and cognitive functioning over three study waves. Further replication and extensions, including more longitudinal studies, are needed, but sufficient evidence exists to justify considerable concern about children's sleep and to warrant prevention and intervention programs. Interventions for children with sleep disorders have been successful in improving sleep and associated cognitive deficits (Chervin et al., 2006; Mindell & Owens, 2009) . Attention now needs to extend to high-risk children and to interventions designed to mitigate the deleterious consequences of insufficient sleep over the transition to puberty.
